We found human renin inhibitory activity in soybean and isolated the active compound, soybean renin inhibitor (SRI). The physico-chemical data on the isolated SRI were identical with those of soyasaponin I. SRI showed significant inhibition against recombinant human renin, with an IC 50 value of 30 g/ml. Kinetic studies with SRI indicated partial noncompetitive inhibition, with a K i value of 37.5 M. On the other hand, SRI weakly inhibited pepsin, papain, and bromeline activities, but did not inhibit other proteinases, such as trypsin, kallikrein, angiotensin converting enzyme, and aminopeptidase M. Moreover, a significant (p < 0:05) decrease in the systolic blood pressure of spontaneously hypertensive rats was observed when partially purified SRI was orally administrated at 40 mg/kg/d for 7 weeks. This is the first demonstration of a renin inhibitor from soybean, soyasaponin I.
The renin-angiotensin system (RAS) is one of the most important blood-pressure control systems in animals. 1) Renin [EC 3.4.23.15 ] is mainly synthesized in juxtaglomerular cells in the kidney cortex, and is released into the circulation by various stimuli. The enzyme cleaves the N-terminus of angiotensinogen, yielding the 10 amino acid peptide, angiotensin I (AI). This conversion is the rate-limiting step in the RAS. AI is an inactive peptide, and is further processed by the angiotensin converting enzyme (ACE) to produce octapeptide, angiotensin II (AII). The AII produced acts directly on arterial smooth muscle cells to maintain blood pressure, and stimulates the synthesis and release of aldosterone from the adrenal cortex. Hence, RAS is a major target in the treatment of hypertension. ACE inhibitor is commonly used in clinical treatment. In connection with the control of renin activity, reninbinding protein (RnBP), an endogenous renin inhibitor has also been reported. RnBP inhibits renin activity by forming a complex of renin, called high molecular weight renin. [2] [3] [4] [5] ACE has been used to screen inhibitors from various food stuffs because of its simple assay method, but renin is a rate-limiting enzyme in RAS, so it was not used because the measurement is very complicated. Recently, we expressed recombinant human (rh)-renin in Escherichia coli cells, refolded and activated by trypsin. 6) Using E. coli expressed rh-renin as the target enzyme, we screened renin inhibitory activity in fermented soybean paste (miso) and found that soybean, the major ingredient of miso, had renin inhibitory activity. 6) Moreover, we screened renin inhibitory activity in minor legumes (legumes other than soybean and peanut) and found that they had renin inhibitory activity and were to be classified into two groups, high renin inhibitory (group 1) and low renin inhibitory (group 2) legumes. 7) We also expressed recombinant human (rh)-renin in Sf-9 cells, and found that mature active renin accumulated at the late stage of cultivation. Further, we simply purified rh-renin from the medium and characterized various properties of it. 8) In the present study, we purified soybean renin inhibitor (SRI) using Sf-9 expressed rh-renin as the target enzyme. The purified SRI was identical with soyasaponin I by direct comparison with standard compound. The purified SRI specifically y To whom correspondence should be addressed. Tel: +81-18-888-2000; Fax: +81-18-888-2008; E-mail: saori@arif.pref.akita.jp Abbreviations: ACE, angiotensin converting enzyme; AI, angiotensin I; AII, angiotensin II; BUN, blood urea nitrogen; GOT, glutamic oxaloacetic transaminase; GTP, glutamic pyruvic transaminase; Dnp, dinitrophenyl; IQF, internally quenched fluorogenic; Nma, N-methylanthranyl; r, D-Arg; RAS, renin-angiotensin system; rh, recombinant human; RnBP, renin binding protein; SHR, spontaneously hypertensive rat; SRI, soybean renin inhibitor inhibited human and porcine renin activity. The hypotensive effect of SRI on spontaneously hypertensive rats (SHRs) is also discussed.
Materials and Methods
Materials. The rh-renin expressed in Sf-9 cells was prepared by the method of Takahashi et al. 8) Porcine kidney renin and human urinary kallikrein were prepared by methods reported previously. 2, 9) Porcine pepsin, bovine trypsin, and rabbit lung angiotensin converting enzyme were obtained from Sigma (St. Louis, MO). Papain was from MP Biomedicals (Illkrich, France). Aminopeptidase M was from Pierce (Rockford, IL). Bromeline was from Wako Pure Chemical Industries (Osaka, Japan). Peptide-MCA substrates, Leu-pNA, and internally quenched fluorogenic (IQF) substrates for human and porcine renins, N-methylanthranyl (Nma)-Ile-His-Pro-Phe-His-Leu Ã Val-Ile-His-Thr-Lys-2,4 dinitrophenyl (Dnp)-D-Arg(r)-r-NH 2 , and Nma-His-ProPhe-His-Leu Ã Leu-Val-Tyr-Lys(DnP)-r-r-NH 2 ( Ã scissile peptide bond), were from the Peptide Institute (Osaka, Japan). Standard soyasaponin I was generously supplied by Professor M. Yoshikawa (Kyoto Pharmaceutical University). 10, 11) Renin activity. Human and porcine renin activities were measured using IQF substrates. The hydrolysis of the IQF substrate at the Leu-Val or Leu-Leu bond was spectrophotometrically determined. 7, 12) The reaction mixture contained 39 ml of 50 mM sodium phosphate buffer, pH 6.5, 0.1 M NaCl, 0.02% NaN 3 , 0.02% Tween 20, 1 ml of 1 mM IQF substrate solution in DMSO, 5 ml of 5 mg/ml of rh-or porcine renin solution, and 5 ml of inhibitor solution in a total volume of 50 ml. The reaction mixture was incubated at 37 C for 30 min, and the reaction was terminated by adding 0.2 ml of 0.1 M triethanolamine, pH 9.5. The increase in fluorescence intensity was measured at an emission wavelength of 440 nm upon excitation at 340 nm. The sample concentration of required to inhibit 50% of renin activity under the assay condition was taken as the IC 50 value. The type of inhibition was determined from LineweaverBurk plots. The K i value was calculated as the axis intercept from a Dixon plot.
Protease activities. Pepsin activity was measured using MOAc-Ala-Pro-Ala-Lys-Phe Ã Phe-Arg-Leu-Lys(Dnp)-NH 2 as the substrate. 13) Trypsin, papain, and bromeline activities were measured using Bz-Agr-MCA as the substrate.
14) Human urinary kallikrein activity was measured by the method of Morita et al. using ProPhe-Arg-MCA as the substrate.
15) ACE and aminopeptidase activities were measured using Hip-His-Leu and Leu-pNA, respectively as substrates. 16, 17) Physical data for SRI. Melting points were determined on a MP-600V Yanagimoto micro melting point apparatus (Kyoto, Japan) and were recorded as observed. Optical rotations were measured at 25 C in a 5-cm length cell tube with a JASCO DIP-1000 (Tokyo, Japan) polarimeter. A Negative fast atom bombardment mass (FABMS) spectrum was obtained on a JEOL JMS-BU20 gas chromatograph mass spectrometer with YOKUDERU-FAB-matrix (JEOL DATUM Ltd., Tokyo, Japan) as matrix. Infrared (IR) spectra were obtained on a JASCO FT-IR 300 spectrometer.
1 H (400 MHz) and 13 C NMR (100 MHz) spectra were recorded on a Varian Unity Plus 400 spectrometer at 35 C with tetramethylsilane (TMS) as the internal standard. Chemical shifts are given on a scale (ppm). The following abbreviations are used: s, singlet; d, doublet; t, triplet; q, quartet; m, multiplet, and br, broad.
SRI: white fine powder; mp: 236-239 C (cf. standard compound mp: 237-239 Animal experiment. In this study, we entrusted animal experiments to Japan SLC, Inc. (Shizuoka, Japan). We used 5-week-old male spontaneously hypertensive rats (SHR)/Izm of the same body weight were bred at Japan SLC. They were housed in individual cages in a room maintained at 24 AE 2 C with 50 AE 10% humidity under a 12 h light-dark cycle (7:00 pm-7:00 am). The rats were randomized into two groups (n ¼ 7) and administrated orally 1 ml/kg body weight (40 mg dry weight/kg body weight) per d partially purified SRI or vehicle (distilled water) for 7 weeks. The rats had free access to fresh diet (SP diet, Funabashi Farm, Chiba, Japan) and drinking water during this period. Food intake and body weight were measured once a week. In the present study, SepPak Vac C18, 35 cc, adsorbed material was used as partially purified SRI. The entire experiment closely followed the ''Guidelines for the Proper Conduct of Animal Experiments'' issued by the Science Council of Japan.
Collection of blood samples and measurement of blood pressure. Blood pressure was measured at week 7 by the tail cuff method with a blood pressure meter (UR-5000, Elquest, Chiba, Japan). The average value of three readings of systolic blood pressure was regarded as the individual systolic blood pressure. After 16 h of fasting, the rats were sacrificed under light diethyl ether anesthesia, blood was collected from the abdominal aorta, and plasma was separated for estimation of blood parameters. Plasma levels of blood urea nitrogen (BUN), albumin, glutamic oxaloacetic transaminase (GOT), and glutamic pyruvic transaminase (GPT) were measured with an automatic analyzer (Fuji DRI-CHEM 3500V, Fujifilm, Tokyo). Statistical analysis was performed by unpaired t-test. A probability of p < 0:05 was considered to indicate a significant difference between the means. A GraphPad Prism 5.0-J (MDF, Tokyo) was used to analyze all data. Values are presented as mean AE SEM.
Results and Discussion
Renin inhibitory activity in soybean At the beginning, we investigated the localization of renin inhibitory activity in soybean. Soybean was separated into two parts, embryo and cotyledon, and then extracted and evaluated for renin inhibitory activity. Embryo extract showed about 3-fold higher renin inhibitory activity than cotyledon extract (data not shown). Hence we used soybean embryo for isolation of the renin inhibitor.
Isolation of soybean renin inhibitor
Soybean embryos (750 g) were soaked in 4.5 liters of distilled water at room temperature overnight, heated at 121 C for 15 min, and then cooled to room temperature. The sample was homogenized in a food processor and centrifuged at 10;000 Â g for 30 min. The supernatant (100 ml) was applied to a Sep-Pak Vac C18 35 cc (Waters, Bedford, MA) that had been equilibrated with distilled water. The column had been washed with distilled water and 50% methanol. The adsorbed materials were eluted with 100% methanol. This step was repeated several times. The eluate was evaporated to dryness, and the dry matter (1.56 g) was dissolved in 40 ml of 10% ethanol. Insoluble materials were removed by centrifugation and the supernatant was put on the column of Bio-Gel P-2 (5 Â 80 cm) equilibrated with 10% ethanol. The column was eluted with 10% ethanol, and fractions containing renin inhibitory activity were pooled. The sample was further fractionated by reversed phase FPLC on a C-18 Silica column (10 Â 300 mm) using a linear gradient of water and 100% methanol at a flow rate of 2 ml per min. Fractions of 2 ml were collected and monitored at 215 nm. Fractions containing renin inhibitory activity were pooled and evaporated to dryness. The dry matter (70 mg) was used in the identification of SRI and inhibition studies.
Identification of SRI Isolated SRI gave the soyasapogenol B moiety and sugar chain unit as rhamnopyranosyl(1 ! 2)galactopyranosyl(1 ! 2)glucopyranosiduronic acid for 1 H and 13 C NMR spectra. 10, 11, 18) Finally, the SRI was identified as soyasaponin I (Fig. 1 ) by direct comparison with standard compounds for ½ D , mixed melting point, 1 H NMR, and IR spectra. Soyasaponin I is one of the major soyasaponins in soybean. 19) Soyasaponins have several physiological functions, such as lowering plasma cholesterol concentrations and hepatoprotective activity. [20] [21] [22] However, because of the materials and the complexity of the assay method, the screening of human renin inhibitory activity of soyasaponin were not studied previously. The present results clearly indicate that soyasaponin I is the renin inhibitory compound in soybean. Figure 2 shows dose-dependent human renin inhibition by SRI. An IC 50 value of 30 mg/ml was obtained. Kinetic studies with SRI indicated partial noncompetitive inhibition, with a K i value of 37.5 mM. The renin inhibitors reported to date are mainly peptides, pepstatin-and related compounds, 23, 24) except for Aliskiren. 25) No-peptidic inhibitor, Aliskiren, is one of the most potent oral renin inhibitors. The sodium houttuy- fonate analogs showed renin inhibitory activity. 26) Among them, SHA-C14 (tetradecanoyl acetal sodium sulfate) showed the highest level of renin inhibition, with a K i value of 44 mM. This value is comparable to the K i value of SRI.
Kinetic analysis

Inhibitory spectra
The inhibitory spectra of SRI are shown in Table 1 . SRI also inhibited porcine renin activity with an IC 50 value of 30 mg/ml. SRI had very little effect on porcine pepsin or cysteine proteinases, papain and bromeline, and no effect on serine proteinases (bovine trypsin and human kallikrein) or metallo proteinases (rabbit ACE and porcine aminopeptidase). These results indicate that SRI, soyasaponin I, is a renin-specific inhibitor from soybean.
Animal experiment
Since the quantity of purified SRI was small, so we used partially purified SRI for evaluation of the orally active hypotensive effect on SHR. The systolic blood pressure of SHR in the vehicle-treated group rose to 228 AE 7:4 mmHg (mean AE S.D.). On the other hand, the SRI-treated group showed significantly lower blood pressure, by 217 AE 10:6 mmHg (mean AE S.D.), than that of vehicle-treated group (Fig. 3) . During 7 weeks of the experimental period, there was no significant difference in the body weights, food intake, plasma levels of BUN, albumin, GOT, or GTP among the experimental groups (data not shown). The repeated oral administration of SRI in the present study lowered systolic blood pressure, indicating that administration of SRI can suppress blood pressure elevation in SHR through renin inhibitory effects. Plasma renin activity during the experimental period and the use of large quantities of purified SRI can provide clearer effects of SRI on SHR.
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